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Introduction: Surgical aortic fenestration has been used for treating ischemic complications of acute type B aortic
dissection (ABAD). In the current endovascular era, surgical aortic fenestration may serve as an alternative for these
patients after percutaneous failure. The purpose of this study is to describe our surgical suprarenal and infrarenal aortic
fenestration technique, and to report the long-term outcomes of this approach in the management of complicated ABAD.
Methods:We retrospectively analyzed the in-hospital and long-term outcomes of 18 patients treated with either suprarenal (n
 10) or infrarenal surgical fenestration (n 8) for complicated ABAD between 1988 and 2002. Suprarenal fenestration was
performed through a thoracoabdominal incision in the 10th intercostal space, whereas patients treated with infrarenal
fenestration underwent a midline laparotomy. A longitudinal aortotomy was performed and the true and false lumens were
identified, followed by a wide resection of the intimal membrane.
Results:Median age was 60 years (range, 48-82 years) and 89% (n 16) were male. The in-hospital mortality was 22% (n
4), which included two deaths after suprarenal fenestration and two deaths after infrarenal fenestration. In the remaining
patients, full visceral, renal, and lower extremity function was recovered, except for 1 patient with paraplegia at admission in
which the neurologic deficit was permanent. Median follow-up of the surviving patients was 10.0 years (interquartile range,
12.5; range, 0.5-20 years). During follow-up, none of the patients developed renal or visceral ischemia, or ischemic
complications to the lower extremities, and no significant dilatations of the treated aortic segments were noted. Three of 14
patients with ABAD who were discharged alive expired during the follow-up period due to causes unrelated to the surgical
procedure.
Conclusion: Surgical aortic fenestration represents an effective and durable option for treating ischemic complications of
ABAD. Actually, this conservative surgical technique may serve as the alternative treatment in case of contraindications
or failure of endovascular management of complicated ABAD. (J Vasc Surg 2010;52:261-6.)Acute type B aortic dissection (ABAD) is a serious cardio-
vascular emergency in which morbidity and mortality are
often related to the presence of complications at clinical pre-
sentation.1-3 Visceral, renal, and limb ischemia occur in up to
30% of patients with ABAD and are associated with higher
in-hospital mortality.4-9 Surgical or endovascular intervention
for ABAD are indicated in case of malperfusion syndromes,
extending dissection, and/or aortic rupture.
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doi:10.1016/j.jvs.2010.02.292Surgical aortic fenestration was the first operation for the
management of complicated aortic dissection, and was per-
formed for the first time by Gurin et al10 in 1935. The
technique is based on the concept to create a single lumen
which resolves the malperfusion, limiting risks of intestinal
infarction, acute renal failure, and limb ischemia.11-13 Al-
though surgical aortic fenestration has been used for treating
complicated ABAD for many decades, limited experience has
been reported and the long-term outcomes are unknown.
In the last decade, percutaneous approaches, such as
endovascular fenestration or stenting, have gained popularity
for the acute management of complicated ABAD. The initial
results of these less invasive approaches have been encourag-
ing; however, concerns remain regarding the required exper-
tise and the long-term outcomes.14-16
The purpose of the present study is to describe our
surgical suprarenal and infrarenal aortic fenestration tech-
niques, and to report the long-term outcomes of this
approach for the management of complicated ABAD.
METHODS
Patient selection. Overall, 60 patients with ABAD
were admitted at the Cardiovascular Center “E. Malan” of
261
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1988 and 2002, of which 65% (n  39) were managed
medically and 35% (n  21) required surgical intervention
due to complicated ABAD. Surgery consisted of open
surgical aortic fenestration in 86% (n  18), and the re-
maining 3 patients were treated with femoro-femoral by-
pass. Since 2002, endovascular management became our
first choice of treatment for complicated ABAD, and no
further patients underwent surgical aortic fenestration, ex-
cept for 1 patient with an iatrogenic type A dissection
associated with acute renal and limb ischemia, which was
treated with infrarenal fenestration and ascending aortic
replacement. This last patient was not included in the
present evaluation because of the dissection type (A) and
her relatively short follow-up (6 months).
Surgical fenestration techniques. The treated aortic
segment was considered normal in size in all 18 patients
treated with surgical fenestration for ABAD. The surgical
aortic fenestration was performed at the suprarenal level in
10 cases (group 1) and at the infrarenal level in 8 cases
(group 2). Patients in group 1 were approached through a
thoraco-abdominal incision in the 10th intercostal space.
Subsequently the thoraco-abdominal aorta was isolated,
and a supra-diaphragmatic clamp was placed without the
use of any extracorporeal support. Distally, the aorta was
clamped at the level of its bifurcation. A longitudinal aor-
totomy was performed (typically 5-8 cm), and the true and
false lumens were identified. The intimal membrane was
widely resected, leaving behind the adherent intima. If
thrombus was present in the false lumen at this level, it was
removed. The dissected flap was proximally and distally
resected in a triangular shape, to maximize the single aortic
lumen (Fig 1, A). If the dissection extended into the
visceral and/or renal arteries, a similar technique was
adopted in these arteries. The longitudinal aortotomy was
then sutured and reinforced with strips of Teflon, which
Fig 1. A, B, Surgical technique of suprarenal aortic fenestra-
tion.resulted in a slightly reduced aortic diameter (Fig 1, B).In group 2, the patients were approached through a
median laparotomy. The aorta was clamped at the suprare-
nal level and at the iliac arteries, and then opened in a
crossway. After identification of the true and false lumen,
the dissected flap was resected longitudinally for 2 to 3 cm,
from above to just below the level of the renal arteries.
Similar to group 1, the intimal flap was resected proximally
in a triangular shape to maximize the single aortic lumen
(Fig 2, A). The distal extent of the intimal flap was fixed to
adventitia, and the aortic wall was reinforced both inter-
nally and externally with strips of Teflon (Figs 2, B-C).
Aortic replacement with a Dacron graft was performed in
those cases with complete infrarenal aortic occlusion
and/or abdominal aortic aneurysm (Fig 2, D).
The in-hospital course was followed on the basis of
clinical signs and ultrasound. Additional computed tomog-
raphy (CT) imaging was only used in case of suspected
complications. Long-term follow-up was conducted annu-
Fig 2. A, B, C, D, Surgical technique of infrarenal aortic fenes-
tration.ally using CT imaging of the thorax and abdomen in all
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performed on patients who were treated with infrarenal
aortic fenestration.
RESULTS
Patient characteristics. The median age of the 18
patients treated with surgical aortic fenestration was 60
Fig 3. Survival after surgical aortic fenestration for complicated
acute type B aortic dissection (ABAD).
Fig 4. Computed tomography angiography (CTA) showing no
aortic dilatation 6 years after suprarenal fenestration (patient 18).
The horizontal long white arrow indicates the celiac artery; and the
shorter white arrow indicates the superior mesenteric artery. The
diagonal black arrow demonstrates the fenestrated segment.years (interquartile range, 14 years; range, 48-82 years) and89% (n  16) were male. The majority of these patients
(n  16, 89%) required immediate surgical intervention
because of ischemic complications, including ischemia of
the lower extremities (n  10), of which 1 patient showed
preoperative paraplegia, renal ischemia (n 7), and visceral
ischemia (n  4). Four of these patients had multiple
ischemic complications. In the last 2 patients, the indica-
tions for surgical aortic fenestration were refractory hyper-
tension and refractory pain, and these patients were treated
within 48 hours. Both presented with concomitant abdom-
inal aortic aneurysm and hepatic artery aneurysm, respec-
tively. In this cohort, none of the patients had aortic
rupture, hemorrhagic, and/or metabolic shock at diagno-
sis. The surgical aortic fenestration was performed at the
suprarenal level in 10 patients and at the infrarenal level in
8 patients.
In-hospital outcomes. The overall in-hospital mor-
tality was 22% (n  4), which included two deaths after
suprarenal fenestration and two deaths after infrarenal fen-
estration. In 1 patient with visceral ischemia, although full
mesenteric perfusion was achieved after suprarenal fenestra-
tion, the patient expired due to multi-organ failure (MOF)
on postoperative day 5. Two other patients died as a result
of myocardial infarction during surgery and on postopera-
tive day 6, respectively. The last patient underwent success-
ful infrarenal fenestration for acute renal failure. The renal
function recovered, but the patient developed an aortoduo-
denal fistula and died of hemorrhagic shock on the 33rd
Fig 5. Computed tomography angiography (CTA) image of a
patient with a contained rupture (white arrow) of a descending
thoracic aortic aneurysm 15 years after the initial fenestration
procedure (patient 11). Note that the suprarenal aortic segment
that was originally fenestrated has a normal diameter (black arrow).postoperative day. In the patient that was admitted with
ale; M
pture
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fusionwas successfully treatedwith infrarenal fenestration, but
the neurologic deficit was permanent. In the remaining pa-
tients, full visceral, renal, and lower extremity function recov-
ered after the surgical fenestration procedure and no further
interventions or bowel resection were required.
Follow-up outcomes. Median follow-up of surviving
patients was 10.0 years (interquartile range, 12.5; range,
0.5-20 years). During follow-up, none of the patients de-
veloped renal or visceral ischemia, or ischemic complica-
tions to the lower extremities. Three of 14 patients with
ABAD expired during the follow-up period due to causes
not related to the surgical procedure (Fig 3). Causes of
death were stroke, acute myocardial infarction, and MOF
after aortic replacement for a descending thoracic aneurysm
Table. Overview of patients with complicated acute type B
Pt
Age/
gender Group Presentation
Year/surgical
timing
1 48/M 1 ARF/visceral ischemia 1988/Emergency
2 61/M 2 Limb ischemia 1989/Urgent
3 56/M 1 Visceral and limb
ischemia
1989/Emergency
4 70/M 1 Refractory
hypertension 
AAA
1989/Urgent
5 65/M 1 Visceral ischemia 1990/Emergency
6 59/M 2 Refractory pain 
hepatic artery
aneurysm
1990/Emergency
7 64/M 2 ARF 1992/Emergency
8 51/M 2 ARF 1992/Emergency
9 82/M 2 Limb ischemia 1993/Emergency
10 51/M 2 Limb ischemia 1993/Emergency
11 50/M 1 ARF  limb ischemia 1994/Emergency
12 50/M 2 Limb ischemia 1994/Emergency
13 66/M 1 ARF 1995/Urgent
14 67/M 1 ARF  limb ischemia 1995/Emergency
15 62/M 1 Limb ischemia 1995/Emergency
16 58/F 1 Iatrogenic in AAA,
limb ischemia
1996/Urgent
17 64/F 2 Limb ischemia 
paraplegia
2001/Emergency
18 52/M 1 Visceral ischemia 
ARF
2002/Emergency
AAA, Abdominal aortic aneurysm; ABAD, acute type A aortic dissection; A
renal failure; DTAA, descending thoracic aortic aneurysm; F, female; M, m
aortic dilatation; OR, operating room; POD, postoperative day; rDTAA, ruin an aortic segment proximal to the fenestrated segment.Computed tomographic angiography (CTA) of the
abdominal and thoracic aorta was performed annually in
all patients, and additional abdominal ultrasound imag-
ing was performed after infrarenal aortic fenestration. No
significant dilatations of the fenestrated aortic segments
were noted during follow-up (Fig 4) and no reinterven-
tions related to the surgical fenestration procedure were
required. The median diameter of the treated aortic tract
at the latest follow-up was 38 mm (interquartile range, 7;
range, 29-43 mm) (Table). Six new aortic aneurysms
were diagnosed in 5 patients with ABAD at distant
locations from the aortic segments that were initially
treated. Five of these aneurysms were located at the
descending thoracic aorta (Fig 5), and one at the distal
aortic arch; three of these aneurysms underwent open
tic dissection (ABAD)
ospital
utcome Follow-up
Length of
follow-up
(y)
Aortic
diameter at
last follow-up
very Regular, NSAD 16 38 mm
very DTAA 60 mm (not
operated)
18 37 mm
very DTAA 55 mm (not
operated)
20 38 mm
very Regular, NSAD Lost after
2 yrs.
2 41 mm
h (MOF at
D 5)
— — —
very ADA 85 mm 15 43 mm
h (ADF at
D 33)
— — —
very DTAA 75 mm (deceased
after operation after 6
yrs)
6 30 mm
very Deceased after 7 yrs.
Non-aortic death.
7 42 mm
very Regular, NSAD Lost after
3 yrs
3 35 mm
orary
aparesis
covery
DTAA 65 mm (operated
after 8 yrs), 
contained rDTAA
(operated after 15 yrs)
15 38 mm
h (MI at
D 6)
— — —
very Regular, NSAD Lost after
1 yr
1 38 mm
very Regular, NSAD 13 41 mm
h in OR
I)
— — —
very Regular, NSAD 10 33 mm
anent
aplegia
Death of at 6 months.
Non-aortic death.
0.5 29 mm
very Regular, NSAD 7 34 mm
arch-descending aortic aneurysm; ADF, aortoduodenal fistula; ARF, acute
I, myocardial infarction; MOF, multi-organ failure; NSAD, no significant
d DTAA.aor
H
o
Reco
Reco
Reco
Reco
Deat
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Reco
Deat
PO
Reco
Reco
Reco
Temp
par
Re
Deat
PO
Reco
Reco
Deat
(M
Reco
Perm
par
Reco
DA,surgical repair.
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Conservative medical treatment is generally accepted as
an adequate therapy in stable patients with ABAD without
evidence of complications.1-3,17,18 Immediate intervention
is required if ABAD is complicated by acute aortic enlarge-
ment, extension of the dissection, or visceral, renal, or limb
ischemia.4-9 Surgical aortic fenestration was first performed
in 1935 by Gurin et al,10 and this technique can be used for
the management of acute malperfusions caused by ABAD
in normal sized aortas.3,19-21 During fenestration, a supra-
renal or infrarenal single lumen is created, which resolves
the malperfusion and prevents further visceral, renal, or
limb ischemia.
Surgical aortic fenestration is less invasive than total
aortic replacement. Extracorporeal support is not required,
and in contrast to aortic replacement, surgical fenestration
allows preservation of the intercostal arteries, which facili-
tates adequate spinal cord perfusion and results in de-
creased risk of paraplegia. We routinely used a thoracoab-
dominal incision for suprarenal aortic fenestration, because
this allows adequate exposure of the supraceliac aorta and
vascular surgeons at our institution are experienced in
performing thoracotomy. Infrarenal fenestration proce-
dures were performed using a median laparotomy, similar
to others,19 because this approach allows better exposure of
the abdominal aorta and its branches, the intestines, and
potential bowel necrosis. However, a retroperitoneal ap-
proach could be considered aswell, as reported byElefteriades
et al.21 In case of extensive dissections or acute aortic enlarge-
ment, total aortic replacement is mandatory.3,18,22-25 Al-
though surgical aortic fenestration has been used for treating
complicated ABAD for many decades, limited experience and
long-term outcomes have been reported.
In the present study, we observed that surgical aortic
fenestration is an effective and durable approach formanaging
complicated cases of ABAD. After a median follow-up of 10
years, none of the patients developed renal or visceral isch-
emia, or ischemic complications to the lower extremities.
Furthermore, no significant aneurysmal enlargement has
been diagnosed in the aortic segments that were treated,
and no reinterventions related to the surgical fenestration
procedure were required. Surgical fenestration, therefore,
seems to be an effective technique for the management of
ischemic complications due to ABAD.
Four of the 14 patients that were discharged alive
developed aneurysms of the descending thoracic aorta dur-
ing follow-up, at segments which were not treated previ-
ously. The considerable incidence of new aneurysmatic
disease may be related to the natural course of the aortic
dissection.19,26 The purpose of surgical fenestration has
been to treat the acute ischemic ABAD complications in
patients presenting with a normal aortic diameter; however,
this technique cannot prevent aortic dilatation in the entire
dissected aorta during follow-up.
More recently, minimally-invasive techniques like en-
dovascular aortic fenestration and endovascular stenting
have gained enormous popularity for the treatment ofcomplicated ABAD. The initial results of endovascular man-
agement of complicated ABAD have been promising, dem-
onstrating 30-day mortality rates around 10% to 20%.14-
16,27-29 Endovascular management is, therefore, becoming
the first-line treatment for complicated ABAD. However, a
suitable vascular anatomy, adequate operator experience,
and improvement of current stent grafts may be required
for acceptable results.15,30 Additionally, continued en-
largement of the true and false lumen after successful
endovascular treatment is frequently seen,14,16 and long-
term results of endovascular management of complicated
ABAD remains unknown.
To our knowledge, the present study represents the
largest series with long-term follow-up outcomes of pa-
tients treated with surgical aortic fenestration for compli-
cated ABAD. Although the number of patients of the
present study is still limited, and the operative mortality
may be slightly increased compared with the most recent
results after endovascular management, the presented con-
servative surgical approach seems to be a valuable and
durable alternative for the management of ABAD in the
present endovascular era. At our institutions, endovascular
management has become the procedure of choice in cases
of complicated ABAD; however, surgical aortic fenestra-
tion represents the alternative treatment in case of contra-
indications or failure of endovascular management.
CONCLUSION
Surgical aortic fenestration represents an effective and
durable option for treating ischemic complications of acute
type B aortic dissections. In this series, no ischemic com-
plications occurred during long-term follow-up after supra-
renal or infrarenal aortic fenestration. Actually, this conser-
vative surgical technique may be used as the alternative
treatment in case of contraindications or failure of endovas-
cular management of complicated ABAD.
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